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Background: Wounds constitute a major worldwide public health problem. Infection is the 
most common complication of wounds. Surgical wound infection is still a major post-operative 
problem. New modalities for treating wound infections such as nanotechnology and stem cell 
therapy have been tried. The available studies investigated the effect of either mesenchymal 
stem cells or Chitosan nanosilver on wound-healing but they didn’t compare their effects. 
Also, they used biochemical, vascular or immunological studies but not histological ones. 
Aim: to compare the effect of chitosan nanosilver dressing with the intradermal injection of 
bone marrow mesenchymal stem cells (BM-MSCs) on wound healing. Methods: 40 adult 
female albino rats were equally randomized into 4 groups: group I served as control, in group 
II, surgical wound was induced. In group III chitosan nanosilver dressing was used after 
wound induction and group IV received intradermal injection of 1x 106mesenchymal stem 
cells derived from bone marrow after wound induction. All animals were scarified after seven 
days by decapitation. Prepared sections were subjected to histological (Haematoxylin and 
Eosin stain, Masson's trichrome stain, periodic acid-Schiff reaction, immunohistochemical 
stain for proliferating cell nuclear antigen - PCNA and immunoflourescent techniques for 
labeling mesenchymal stem cells). Results: Wound group showed complete shedding of 
epidermis, decreased mean optical density of collagen fibers, negative PAS reaction and 
negative PCNA immunostainning.  Chitosan nanosilver dressing group showed significant 
increase in the mean epidermal thickness, collagen optical density, and the positive PCNA 
immunoreactivity compared to the mesenchymal stem cells group. Conclusion: Both chitosan 
nanosilver dressing and mesenchymal stem cells (BM-MSCs) promoted wound healing, but 
the non-invasive chitosan nanosilver dressing had better and faster wound healing effect. 
 
© Copyright 2018 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved
.  
Introduction   
Wounds constitute a major worldwide public health 
problem that affects a large population of patients, who 
require different interventions for optimum care (Hess, 
2004). Wound care is important as the prevalence rate 
of chronic wounds is similar to that of heart failure 
(Berry et al., 2001). The most common complication of 
a wound is infection, and surgical wound infection is 
still a major post-operative problem. Different 
modalities were used for treating wound infection (Sun 
et al., 2014).  
Chitosan is one of the most abundant, renewable, 
nontoxic and biodegradable carbohydrate polymers that 
used in treating wound infection (Boateng et al., 2008), 
and it is an excellent antifungal and antibacterial agent 
(Singla and Chawla, 2001).  Chitosan maintains sterile 
wound exudates beneath a dry scab, preventing 
dehydration and contamination (Li et al., 2011).  Also 
Silver nanoparticles (AgNPs) are one of the most 
commonly used nanomaterials (Seltenrich, 2013) due to 
their antibacterial, antifungal, antiviral and anti-
inflammatory effects as well as their ability to enhance 
wound healing (Zheng et al., 2010; Liu et al., 2012).  A 
recent combination of chitosan and AgNP (Chitosan-
AgNP) in wound dressing has demonstrated a 
significantly improved wound healing and also reduced  
the  skin discoloration caused by wounds (Singh and 
Singh, 2014) Additionally, chitosan-AgNPs wound 
*Address for correspondence: 
Email somaya@hotmail.com 
Tel: +2 01223773789 
Nanosilver dressing, mesenchymal stem cells and wound healing 
 
J. Afr. Ass. Physiol. Sci. 6 (1): 2018    Ghannam et al. 
 
 
dressings possessed a strong antibacterial potential for 
wound healing applications (Murphy et al., 2015). 
Another modality which was extensively used for 
treating wound infection is stem cell therapy (Bubela et 
al., 2012). Various sources of stem cells were 
developed by researchers to treat wounds (Bubela et al., 
2012). 
 
 Materials and Methods 
Female rats, between 12 and 14 weeks age, weighing 
120-150 grams  were used in this study, animals were 
divided into 4 groups: group I served the control, In 
group II, two surgical wound were induced under 
aseptic conditions, the shape of the wound was marked 
on the skin, with the help of adaptable plastic frame to 
standardize the wound size (4mm in diameter) and ruler 
to standardize position (2cm between the wounds) 
using skin marker, two round full thickness skin 
wounds were performed on the back of all rats. The 
palpable shoulder joints were used as anatomical 
landmarks for defining the base of the wound. The 
skin flap was excised to create a full-thickness skin 
defect by scalpel (Gainza et al., 2015).  In group III, 
chitosan nanosilver dressing was prepared and 
stitched over the wound (as described under Chitosan 
Nanosilver dressing preparation topic), In group IV, 
wound was induced followed by intradermal injection 
of 1x 106mesenchymal stem cells derived from bone 
marrow. All animals were scarified after seven days (at 
the end of the experiment) by decapitation 
 
Isolation and culture of stem cells  
MSCs were isolated from 5–7-week old male rats’ bone 
marrows that were killed by cervical dislocation. The 
femurs and tibias were then scraped free from all 
visible flesh using scalpel. Both limbs have been put in 
a sterile container containing 70% alcohol. The 
isolation process was carried out in a laminar flow 
hood, using sterile gloves, masks, overhead covers, and 
laboratory coat to avoid any contamination. The two 
ends of the femur and tibia were cut. Using a sterile 
syringe, Dulbecco’s modified Eagle’s medium 
[DMEM] (Lonza Bioproducts, Belgium) was pushed 
from one end of each bone and was received in a falcon 
tube from the other end, this process was repeated 
many times. The rat bone marrow was washed with 
phosphate buffer saline (PBS) for 5 minutes at 2000 
rpm. The marrow plugs were then dissociated by 
pipetting and the cell pellets were suspended in 4-5 ml 
of normal culture medium consisted of low-glucose 
DMEM complemented with 10% fetal bovine serum 
(FBS) and 1% penicillin/streptomycin at 5 %CO2, 37°C 
(Wakitani et al., 1995). The cells were seeded in tissue 
culture plates at a density of 1×106 cells/cm2. After 72 
hours, non-adherent cells were removed by aspiration 
and the medium was changed every other day until 
cells became 90 % confluent.  Cells were then 
harvested by washing the culture twice by PBS and 
trypsinized them with 2ml of 0.25 trypsin containing 
0.02% ethylene diamine tetra acetate [EDTA] (Lonza 
Bioproducts, Belgium) for about 5 minutes in the 
incubator (Havasi et al., 2013). The action of trypsin 
EDTA was blocked by adding 4ml of the normal 
culture medium (Basiouny et al., 2013). Cell number 
per ml was determined by multiplying it by 10000 then 
the result was divided by the number of quadrants that 
was counted. To get the total cell number, we 
multiplied the cells / ml by the total volume of the cell 
suspension (Basiouny et al., 2013). Each wound was 
injected with one million cells of BM-MSC in 1 ml 
PBS intradermally around the wound at eight injection 
sites directly after wound induction (sabol et al., 2012). 
The injection was done using an appropriately-sized 
needle and the injection was considered correct when a 
pale small bleb was seen at the injection site. 
(Machholz et al., 2012). 
 
Chitosan Nanosilver dressing preparation 
1.5 g chitosan was dissolved in 100 ml 1% (v/v) acetic 
acid solution, and then it was filtered and poured onto 
plastic plates. After that it was oven-dried at a constant 
temperature of 40°C over a period of 24 h. Sterile 
chitosan films were immersed in nano-silver solution at 
4 ° C for 12 h, then, they were washed extensively with 
distilled water (Lu et al., 2008). Ag–N bonding 
produced the dressing at a concentration ranged 
between 0.69 and 1.64 mg/cm² (Rigo et al., 2013). 
 
Two skin specimens with 3mm of the surrounding skin 
were obtained from the two wounds of each animal. 
The specimens were fixed in 10% neutral buffered 
formalin for 24 hours at room temperature (23–28°C) 
and were processed to prepare 5µm thick paraffin 
sections. The obtained sections were stained using 
Haematoxylin & Eosin stain (H& E) for the general 
architecture of the skin, Masson's trichrome stain for 
collagen fibers, periodic acid-Schiff reaction (PAS) for 
the basement membrane and immunohistochemical 
stain for the demonstration of proliferating cell nuclear 
antigen (PCNA) in the rat skin epidermis. Qualitative 
and quantitative assessments were done for histological 
and immunohistochemical changes in the skin. 
Quantitative measurements were done using computer 
software Pro Plus image J. The measurement included 
epidermal thickness and the optical density of; collagen 
fibers, PAS positive material of the epidermal basement 
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membrane and PCNA immunoreactivity in the 
epithelial cells of the epidermis.  
All experimental procedures of animals used for the 
current study were approved by the Ethical Committee 
of the Faculty of Medicine, Suez Canal University. 
Stem cells were characterized using immunofluorsence 
technique by using DAPI 4', 6-Diamidino-2-
phenylindole stain [Sigma -Aldrich, Germany] to label 
stem cells before injection. 
 
Statistical analysis:  
Data were presented as mean ± standard deviation 
(SD). The results were compared using Student T test 
for the histological changes. Statistical significance was 




Fig. 1. H&E Stain: (a) A photomicrograph of thin skin of a 
rat from the control group showing the epidermis (EP) with 
ill-defined strata including stratum basale (B) stratum 
spinosum (S) and stratum corneum (K). Papillary (P) and 
reticular (R) layers of dermis and hair follicles (HF) are also 
shown (H&E x 400). (b) A photomicrograph of thin skin of a 
rat from the wound group showing complete shedding of 
epidermis, many spaces (SP), inflammatory cellular infiltrate 
(I) in the dermis and loss of skin appendages (H&E x 400).  
(c) A photomicrograph of thin skin of a rat from the ‘wound 
with chitosan nanosilver dressing’ group showing completely 
regenerated epidermis (EP) (H&E x 400) (d) A 
photomicrograph of thin skin of a rat from the ‘wound with 
mesenchymal stem cells’ group showing the epidermis (EP) 
with loss of the horney layer. Mitotic activity (MA) is 
shown. Spaces (SP) in the upper part of the dermis are shown 
(H&E x 400). 
 
Group II (surgical wound induction group): showed 
complete shedding of epidermis with inflammatory 
cellular infiltration in the dermis and loss of some 
tissue areas leaving empty spaces (Fig.1b). Group III 
(wound induction followed by chitosan nanosilver 
dressing) showed evidence of epithelization (Fig.1c). 
The epidermis appeared again with all its layers even 
the horny layer with hyperplasia and hypertrophy of its 
cells (Table 1, Fig.1c). Group IV: (wound induction 
followed by injection of intradermal 1x 106 
mesenchymal stem cells derived from bone marrow): 
showed   reappearance of all epidermal layers except 
the horny layer. Hyperplasia of the epithelial cells and 
mitotic activity in cells of stratum spinosum layer were 
also detected (Fig.1d).  Spaces were still seen in the 
dermis (Fig.1d). There was statistical significant 
increase in the epidermal thickness in group III 
(Chitosan) compared to group IV (MSCs) and there 
was statistical significant increase in the epidermal 
thickness in both groups III &IV compared to wound 
group. There was statistical significant increase in the 
epidermal thickness in both group III and group IV 
compared to control group (Table1). 
 
 
Fig. 2. Massons’s Trichrome stain: (a) A photomicrograph 
of thin skin of a rat from control group showing fine collagen 
fibers in papillary layer of the dermis (P) aggregated below 
the basal lamina. Coarse irregular interwoven fibres in the 
reticular layer of the dermis (R) are shown (Masson’s 
trichrome x 400). (2b): A photomicrograph of thin skin of a 
rat from wound group showing disorganized, irregular 
collagen fibers in the dermis with decrease in its amount 
compared to control group. Many congested blood vessels 
(C) are also shown (Masson’s trichrome x 400). (c) A 
photomicrograph of thin skin of a rat from the ‘wound with 
chitosan nanosilver dressing’ group showing normal 
arranged dense collagen fibers in the papillary layer (P) of 
the dermis and around hair follicle [HF] (Masson’s trichrome 
x 400). (d): A photomicrograph of thin skin of a rat from the 
‘wound with mesenchymal stem cells’ group showing dense 
disorganized thick collagen fibers aggregated below the basal 
lamina, loosely arranged fibers in the dermal papillary layer 
(P) and thick irregular bundles in the reticular layer of the 
dermis [R] (Masson’s trichrome x 400). 
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Table 1: The mean epidermal thickness and mean 
optical density of collagen in the different study 
groups: 
 
Group Mean ± SD 
Epidermal 
thickness 




Control group 37.6 ± 11.6 0.356 ± 0.1 
Wound group 0 * 0.069 ± 0.006* 
Chitosan 
 –nanosilver   
dressing group 
147.2 ± 21.2*#$ 0.258 ± 0.08*#$ 
MSCs group 135 ± 24.3*#$ 0.146 ± 0.03*#$ 
 
Masson's trichrome stained sections of Group I showed 
normal fine green collagen fibers aggregated beneath 
the dermo-epidermal junction. Fine loosely arranged 
network of collagen fibers were seen in the papillary 
layer that combined with thick interwoven fibers in the 
reticular layer of the dermis and around the hair 
follicles and the sebaceous glands (Fig.2a). In Group II 
there were disorganized irregular collagen fibers in the 
reticular layer of the dermis with statistical significant 
decrease in the optical density of collagen fibers of 
wound group in comparison to control group (Table 1, 
Fig.2b). Group III showed normal arranged dense 
collagen fibers in the papillary layer of the dermis and 
around hair follicles (Fig.2c).  Group IV: revealed 
disorganized collagen fibers in the papillary layer of the 
dermis and reticular layer of the dermis (Fig.2d). There 
was statistical significant decrease in the optical density 
of collagen fibers in both group III and group IV 
compared to control group and statistical significant 
increase in the optical density of collagen fibers in both 
group III and group IV compared to wound group. 
Also, there was statistical significant increase in the 
optical density of collagen fibers of group IV compared 
to group III (Table 1).  
 
PAS stained sections of group I revealed normal PAS 
positive material in the basement membrane of the 
epidermis and around the hair follicle (Fig.3a). In 
Group II, there was no apparent basement membrane 
PAS material (Fig.3b).  Group III revealed 
reappearance of the PAS positive material of the 
basement membrane of the epidermis but it was 
less in intensity than that of control group (Fig.3c). 
Group IV revealed PAS positive material in the 
basement membrane of the epidermis which was less 
than that of the control group and slightly less than 
Chitosan group (Fig.3d). There was statistically 
significant  increase in   the  optical density of magenta 
 
 
Fig. 3. PAS stain: (a) A photomicrograph of thin skin of a 
rat from control group showing PAS positive material in the 
basement membrane of the epidermis and around hair 
follicles (PAS x 400). (b) A photomicrograph of thin skin of 
a rat from wound group showing loss of the epidermis 
including its basement membrane. (PAS x400). (c) A 
photomicrograph of thin skin of a rat from the ‘wound with 
chitosan nanosilver dressing’ group rat showing PAS 
positive material in the basement membrane of the epidermis 
which is less in intensity than that of control group  (PAS 
x400). (d) A photomicrograph of thin skin of a rat from 
wound with mesenchymal stem cells group showing PAS 
positive material in the basement membrane underlying the 
epidermis which is less intense than that of the control group 




color of basement membrane in both group III and 
group IV compared to wound group; however, there 
was no significant difference in the optical density of 




PCNA immunostaining of group I showed positive 
brownish color reaction in the nuclei of the basal layer 
of the epidermis (Fig. 4a). Group II showed negative 
reaction due to loss of the epidermal layer while the 
dermis had positive brown reaction in the nuclei which 
was not shown in the control group. (Fig. 4b). Group 
III & IV revealed positive brownish color reaction in 
the cells of basal layer of the epidermis and around hair 
follicle (Fig.4c&4d). There was statistical significant 
increase in PCNA immunoreactivity of both group III 
and group IV compared to control group and compared 
to wound group. Also, there was statistical significant 
increase in PCNA immunoreactivity of group III 
compared to group IV (Table2).  
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In group IV, green fluorescent deposits were detected 
within the regenerated epidermis, dermis and in hair 
follicles which confirm the presence of mesenchymal 
stem cells (Fig 5). 
 
Table 2: The mean optical density of PAS material and 
the mean optical density of PCNA in the different study 
groups: 
Group N/10 Mean ± SD 
density of PAS 
Mean ± SD 
PCNA density 
 
Control group 0.203 ± 0.015 0.336 ± 0.037 
Wound group 0* 0* 
Chitosan –
nanosilver group 
0.195 ± 0.024# 0.673 ± 
0.111*# 




(*) Statistical significant difference between these 
groups and control group (P = 0.00); (#) Statistical 
significant difference between these groups and wound 
group (P = 0.00); ($) Statistical significant difference 
between chitosan nanosilver dressing group and MSCs 
group (P = 0.001). 
 
DISCUSSION 
The present study was designed to evaluate the 
therapeutic effects of chitosan nanosilver dressing 
versus bone marrow derived mesenchymal stem cells 
on wound healing in adult albino rats using light 
microscopic examination. 
 Light microscopic examination of wound group in this 
study showed severe histopathological changes. There 
was complete loss of all layers of the epidermis. The 
dermis showed inflammatory cellular infiltration and 
loss of skin appendages with consequent failure of 
complete healing in all animals. These results are 
consistent with sabol et al. (2012) study which 
demonstrated loss of epithelial cells and infiltration of 
dermis with polymorphonuclear leukocytes such as 
monocytes and macrophages with failure of hair 
regeneration in rats  exposed to two (4mm) round full 
thickness cutaneous wounds  for two, six, and fourteen 
days post.   
In the wound group, there was statistically significant 
decrease in optical density of collagen fibers compared 
to control group. These results are consistent with those  
of Basiouny et al. (2013) who revealed scanty, 
irregularly-arranged   collagen  bundles  and  failure of 
collagen remodeling after 7 days of wound induction.  
Also, Yulin et al. (2015) found collagen deposition 
without certain direction after one week in rats exposed 
to acute cutaneous wound for two weeks. 
    PAS stained sections revealed negative PAS material 
due to loss of all layers of epidermis including the 
basement membrane. These results are in accordance 
with those of Chan et al. (2001) who found that after 
seven days of acute wound in rats, there is no organized 




Fig. 4. PCNA stain: (a) A photomicrograph of thin skin of a 
rat from control group rat showing mild immunoreactivity of 
PCNA in the form of brown positive reaction in the nuclei of 
the cells of the basal layer of the epidermis and around hair 
follicle (HF) with negative reaction in the dermis (PCNA 
immunostainning x 400). A photomicrograph of thin skin of 
a rat from wound group showing marked immunoreactivity 
of PCNA in the form of brownish color reaction in the 
papillary and reticular layers of the dermis (PCNA 
immunostainning x 400). (c): A photomicrograph of thin 
skin of a rat from wound with chitosan nanosilver dressing 
group showing intense immunoreactivity of PCNA in the 
form of brownish color in the basal layer of the epidermis 
and around hair follicle  (PCNA immunostainning x 400). 
(d) A photomicrograph of thin skin of a rat from wound with 
mesenchymal stem cells group showing moderate brown 
immuoreactivity of PCNA in the basal layer of the epidermis 
and around hair follicle  (PCNA immunostainning x 400). 
 
Decrease of PCNA reaction observed in this group was 
due to loss of all layers of epidermis as result of the 
mechanical injury caused by the wound. These findings 
were documented in many studies such as that of Lian 
et al. (2014) who found decrease in the number of 
PCNA positive cells in rats of wound group than other 
groups, seven days post-surgery. Also, Xu et al. (2016) 
demonstrated decrease in the optical density of PCNA 
in  wound   group rats  at the seventh day  after  wound  
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Fig. 5. green fluorescence: Photomicrograph of a section in 
the skin of rat treated one week duration showing labeled 
MSCs which appear as green fluorescent deposits within the 
regenerated epidermis, dermis and hair follicles 
(Immunofluorsence x 400). 
 
 
induction. The positive brown reaction in the nuclei of 
the dermis that appeared in the wound group and not in 
the control group can be due to the detected 
inflammatory infiltration in the dermis of this group  
In chitosan nanosilver (ChNs) dressing group the 
architecture is nearly similar to control group but with 
thicker epidermis. This was confirmed by the statistical 
significant increase of epidermal thickness in this group 
compared to control group. This finding was similar to 
the that of Ojeda-Martínez et al. (2015) who found a 
full-thickness re-epithelialization in wounds of rats 
treated with chitosan film plus deposited silver 
nanoparticles (AgNPs), which may confirm the 
increased thickness we found in our study. This 
increase in thickness can be explained by the ability of 
AgNPs to release transforming growth factor b that 
stimulate keratinocytes to produce vascular endothelial 
growth factor (Nadworny et al., 2010). In our study, we 
found normal arranged dense collagen fibers in the 
papillary layer of the dermis with dense irregular 
interwoven fibers in the reticular layer. This may be 
due to the stimulating effect of Chitosan on the 
fibroblasts to synthesize type I and type IV collagen 
fibers (Shi et al., 2006) and also its effect on 
accelerating the reformation of connective tissue 
(Gopal et al., 2013). It was found that Chitosan 
stimulates cell proliferation of fibroblasts through 
extracellular-signal-regulated kinases 1 and 2 (ERK1/2) 
signaling pathway (Silva et al., 2013). In our study, the 
PCNA reaction was regained in the Chitosan group. 
This may be explained by the ability of Chitosan to acts 
as scaffold for keratinocytes and fibroblasts for 
basement membrane repair (Risbud et al., 2000; Price 
et al., 2007). Also, Ojeda-Martínez et al. (2015) 
demonstrated the presence of PCNA immunopositive 
cells in rats treated with chitosan films with AgNPs 
deposits. Their study reported that the cationic global 
nature of the chitosan film with AgNPs promotes an 
electrostatic interaction with keratin in the skin as it is 
rich in sulfur, thus induces an electric charge in cells 
which promotes proliferation and wound healing of the 
skin.  
In MSCs group, MSCs showed re-epithelialization and 
significant increase of epidermal thickness compared to 
control, however the horny layer was not regained. Our 
results are in accordance with Liu et al. (2013) study 
which showed that rats injected intradermally by 1x 106   
BM-MSCs have epidermal regeneration with mature 
differentiation and recovery of skin appendages after 
seven days. In this group we observed disorganized 
collagen fibers in the papillary layer of the dermis and 
reticular layer of the dermis. This was confirmed by the 
statistical significant increase in the optical density of 
collagen fibers compared to wound group. Our results 
are consistent with the results of Wu et al. (2014) who 
demonstrated collagen fibers deposition which was not 
identical to the basket-weave pattern of the control 
group in rats subcutaneously injection with 1× 106 
MSCs. resemblance but  
PAS stained sections of MSCs group revealed PAS 
positive material of the epidermal basement membrane 
which was also demonstrated in Ojeh and Navsaria, 
(2013) study which revealed that MSCs displayed 
multilayered, well-differentiated epidermis expressed 
differentiation markers (K10) with basement membrane 
proteins on in vitro skin models.      
In our study PCNA stained sections of MSCs group 
revealed moderate positive brown reaction in basal 
layer of the epidermis.  These results were supported by 
Ojeh and Navsaria, (2013) who explained it by the 
ability of MSCs to stimulate keratinocytes 
differentiation through expression markers of 
differentiation (K10), and hyperproliferation (K6). 
MSCs have been observed to transdiffereniate into 
keratinocytes which helps in wound healing (Sasaki et 
al., 2008). They accelerate the wound healing process 
via antimicrobial peptide secretion (Krasnodembskaya 
et al., 2010).  
The benefits of using MSCs in wound healing were 
discussed by some investigators, Kiang and Gorbunov, 
(2014) showed that intradermal injection of BM-MSCs 
accelerated the wound healing rate from 5.7 mm2 /day 
27
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to7.6 mm2/day. Also, Chen et al., 2008; Sasaki et al., 
2008; and Uysal et al., 2014 examined the effect of 
local injection of MSCs into incision full thickness 
wound and proved accelerated time of wound closure 
with increased angiogenesis, re-epithelialization, and 
recruitment of myeloid cells into the wound. 
The limitations of using MSCs were also discussed by 
other investigators, Hu et al. (2014) reported that it is 
unfeasible to culture enough MSCs to heal a large 
wound. Moreover, the population of MSCs within 
humans decreases overtime, so it eliminates the option 
of using autologous MSCs for treatment in the older 
generations. In addition, Bentivegna et al. (2013) found 
that the efficacy of MSCs therapy requires large 
numbers of cells by ex vivo expansion of MSCs and for 
clinical use, it may cause epigenetic and phenotypic 
changes in cells which lead to mutations as a result of 
long term culture. Therefore, You and Han (2014) 
suggest that cell therapy is a standard treatment, 
however, further research is still needed to prove that. 
Overall, this study, showed that the use of chitosan lead 
to complete healing of the surgical wound with 
improvements of all other used parameters after seven 
days of treatment, however MSC did not regain all the 
epidermal layers, added to the recorded limitations of 
using MSCs discussed previously, Chitosan nanosilver 
can be recommended as a faster feasible noninvasive 
technique than the invasive stem cell therapy. 
 
CONCLUSION 
Both chitosan nanosilver dressing and mesenchymal 
stem cells (BM-MSCs) promoted wound healing, 
however using the non-invasive technique of chitosan 
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